Poly(ADP-ribose) [poly(adenosine disphosphate ribose)] is formed from NAD by a nuclear enzyme (Chambon et al., 1966; Fujimura et al., 1967; Reeder et al., 1967). In spite of some progress, the physiological function of poly(ADP-ribose) and its status in thenucleus in uivo still remain obscure. A covalent linkage between poly(ADP-ribose) and nuclear proteins has been postulated by Hayaishi's group (Nishizuka et al., 1969) on the basis of the acid-insolubility of [3H]ADP-ribose residues formed in vitro, which could partially be rendered acid-soluble by treatment with neutral hydroxylamine and dilute alkali, whereas dissociating agents such as urea and dodecyl sulphate were ineffective. However, most poly(ADP-ribose) residues formed in carefully prepared nuclei of liver and Ehrlich ascites carcinoma cells are in the form of long chains, which are in themselves acid-insoluble and therefore cannot be analysed in this way. Further, they tend to form strong aggregates with nuclear proteins at neutral pH, resistant to urea and even dodecyl sulphate (Adamietz et al., 1975). It remained therefore an open issue whether the bulk of poly(ADP-ribose) in liver and Ehrlich carcinoma was also linked covalently to nuclear proteins.
Covalent linkage of poly(A DP-ribose) to nuclear proteins
Labelled poly(ADP-ribose) was formed by incubation of rat liver nuclei with [3H]NAD, the ADP-ribose-associated radioactivity precipitated with HC104 and the precipitate dissolved in urea-guanidinium chloride. Subsequent ultracentrifugation removed most of the DNA. A small fraction of poly(ADP-ribose), 5%. was also sedimented. The material was then subjected to CszSO4-gradient analysis in the presence of highly dissociating concentrations of urea and guanidinium chloride, and under reducing conditions (Fig. la) . This should reveal a possible covalent linkage of acid-insoluble poly(ADP4bose) chains to proteins because these conjugates should band in the density region between the positions of the free components. The density of free poly-(ADP-ribose) was determined by gradient centrifugation (Fig. 16 ) of a sample after complete digestion of the proteins by proteinase K in the presence of dodecyl-sulphate (Hilz et al., 1975) . The treated material banded with a peak at p = 1.56g/cm3 when analysed for the acid-insoluble, long ADP-ribose chains. This is in accordance with earlier data (Reeder et al., 1967; Hasegawa et al., 1967) . However, the broad size distribution of the chains, together with a rather low mean chain-length of 15 (mol.wt. 7500) prevented sharp banding except for the longer chains, which formed the peak at p = 1.56g/cm3. In contrast with this distribution of the free poly(ADP-ribose), the intact material is characterized by definitely lower densities, indicating covalent linkage to proteins of most, if not all, ADP-ribose residues.
The ADP-ribose-protein conjugates were distributed over nearly the whole density range, between free poly(ADP-ribose) and free proteins, as a consequence of their varying composition. This could be confirmed by rebanding individual fractions from the density gradient, and by gradient analyses in the presence of ten times higher concentrations of the strongly dissociating agent, guanidinium chloride. The data show that, except for the possible existence of a small amount of free poly(ADP-ribose) sedimenting with DNA, all acid-insoluble ADP-ribose residues are covalently linked to nuclear proteins.
Two types of covalent linkage in poIy(A DP-ribose)-protein conjugates
Hayaishi's group (Nishizuka et al., 1969) first showed that part of the nuclear ADPribose residues could be rendered acid-soluble by short treatment with dilute alkali or neutral hydroxylamine. As the glycosidic linkage of (ADP-ribose), chains is resistant Rat liver nuclei were incubated with [3H]NAD at 25°C for lOmin, precipitated and washed with cold HC104. The precipitate was dissolved in buffered guanidinium chloride-urea-dithiothreitol, freed from DNA by ultracentrifugation, and subjected to Cs2S0,-density-equilibrium protein; m, ADP-ribose radioactivity.
The blocks at fraction 10 in (a) and (6) represent the position of DNA.
to these agents, cleavage of a covalent linkage to nuclear proteins was indicated. Their findings, that most of the (ADP-ribose), was released into an acid-soluble form, resulted from the fact that their preparation contained mainly protein conjugates with short, acidsoluble ADP-ribose chains. In carefully prepared liver and tumour nuclei, however, the bulk of the ADP-ribose residues consist of longer, intrinsically acid-insoluble chains. The above-mentioned method therefore does not detect an eventual cleavage of the long chains, which remain acid insoluble. To show a release of the long ADP-ribose chains from protein conjugates, we analysed the effects of dilute alkali (Fig. lc) and of neutral hydroxylamine (Fig. Id) by Cs,SO,-density-gradient centrifugation. Whereas NaOH displaced all acid-insoluble ADP-ribose residues to exactly the same positions as did the proteinase K treatment, hydroxylamine could not release all material into this protein-free form. A significant fraction remained bound to protein even in the presence of an increased concentration of the dissociating agents in the gradient. This shows the existence of a hydroxylamine-resistant type of linkage of the long, acid-insoluble (ADP-ribose), chains in these protein conjugates; the same holds true for the shortchain ADP-ribose residues. When the release of these short chains into an acid-soluble form was studied, the same two types of linkage were detected: hydroxylamine again was not able to liberate all short ADP-ribose chains, whereas NaOH released the same number of short chains into an acid-soluble form as did proteinase K treatment. These data therefore show that ADP-ribosylation of nuclear proteins comprises two types of linkage; both are susceptible to dilute alkali, but only one can be split by neutral In the past, the relationship between DNA and histone biosynthesis in eukaryotes has attracted much attention. Although there can be no doubt that all histone fractions are synthesized at their maximum rates during the DNA-synthesis phase, there are many * Not presented at the Meeting.
